from three streams, were cultured on Coliscan w Easygel w agar plates. Colonies representative of a variety of colors and morphologies were subjected to amplification and sequencing of a 1000-1100 nt portion of the 16S rRNA gene. A total of 528 colonies were sequenced; these categorized into 26 genera and 78 species. Of 175 dark blue/purple colonies presumed to be E. coli, sequence analysis indicated that 45 (25%) were actually other genera. For the urban stream Gwynns Falls
INTRODUCTION
Methods utilizing the detection and enumeration of select bacterial species, historically referred to as 'coliform' bacteria, continue to be important tools in monitoring the quality of fresh and marine waters in the US and Europe. Water bodies with culturable bacterial numbers in excess of given thresholds may be considered unfit for consumption and recreational usage (National Research Council 2004) . Conversely, reduction in coliform counts may be regarded as evidence that a previously polluted body of water has benefited from remediation and anti-pollution efforts. Most water quality testing laboratories use one of any number of commercial or standardized test methods to culture coliforms from samples, usually 100 ml in volume (Rompré et al. 2002) .
the United States Environmental Protection Agency (USEPA) (National Research Council 2004) .
Over the past five years we have been using a commercial, USEPA-approved coliform count assay, the We were interested in using a molecular method, 16S
rRNA gene sequencing, to identify to the genus/species level individual colonies growing on Coliscan plates. In so doing, we hoped to gain an increased understanding of the diversity of culturable bacteria in water samples representative of agricultural, forested, and urban watersheds. We were also interested in learning if the putative E. coli colonies identified on the plate were confirmable using 16S rRNA sequence data, as well as if known pathogenic genera and species of enteric bacteria were present in these streams. Another goal was to assemble panels of frequently-occurring genera and/or species, and subject them to in-depth genotyping assays, thereby obtaining some appreciation of the genetic diversity among these isolates. Here, we provide the results of our investigations into these topics. 
METHODS Sampling

2005)
for database query and selection of nearest matches.
Enterobacterial repetitive intergenic consensus (ERIC) PCR
Three ml of bacterial DNA was subjected to PCR using the primer pair ERIC1R and ERIC2 (Versalovic et al. 1991) at 50 pmol each, with 2.0 mM MgCl 2 , 2 U DNA polymerase (Q-Biogene, Irvine, CA), and 10 mM each dNTP in a 50 ml reaction volume. Two ml aliquots of PCR product were quantitated using a NanoDrop ND-1000 model spectrophotometer (NanoDrop Technologies, Wilmington, DE), and ,3.7 -4.0 mg amounts of each product electrophoresed on 2% agarose gels. Images were saved as tiff files and analyzed using the Bionumerics 2.5 software package (Austin, TX). Following normalization of bands, clustering analysis, dendrogram construction and multidimensional scaling (MDS) plots were generated using UPGMA with
Pearson correlation similarity coefficient, using the Bionumerics software.
Since MDS plots are somewhat rarely encountered in most published phylogenetic studies, a brief description may be in order: while traditional phylogenetic diagrams depict taxa in a two-dimensional space, with the taxa labeled at the end of "tree branches", in MDS plots taxa are represented as spheres in a three-dimensional space. Spheres in close proximity to one another may be considered to have a high degree of similarity, while conversely, spheres located at a visibly large distance from one another may be regarded as having a high degree of dissimilarity. Taxa with a very high degree of similarity may be represented by partially fused spheres, while 100% similarity is rendered by a single sphere with bi-colored hemispheres.
Monitoring of amplified sequences for adventitious contaminants
One of the drawbacks associated with the routine usage of universal 16S rRNA primers is that it can enhance opportunities for contamination of template DNA, and PCR and cyclesequencing reactions, with adventitiously amplified contaminants. These contamination events can occur despite the conscientious use of good laboratory practices; for example, aquifer (Tanner et al. 1998) . The presence of these putative contaminants in such a variety of sample types raises the possibility that they are ubiquitous in laboratory environments, and thus, may be present in our samples and reagents as well. This is of concern in light of the fact that over the yearlong course of our project we observed faint bands in ,15% of our "no template" PCR controls, indicating that contaminant DNA was present in our amplification reagents. Figure 1 shows the per cent distribution of the most frequently isolated genera for each of the three stream sites.
For the polluted stream site GFGR (Urb), E. coli was the most common genus encountered on the agar plates at 39%, followed by Klebsiella (15%) and Aeromonas (13%). For POBR (For), which is located in a forested watershed with (presumably) little or no input from anthropogenic sources, it was Serratia (16%), followed by Yersinia (14%) and Aeromonas (12%). MCDN (Agr) was similar to GFGR in that E. coli was the most frequently isolated genus (20%), followed by Aeromonas (12%) and Enterobacter (11%). Most of the 26 culturable genera/78 species we detected in our stream water samples are members of the 'coliform' group and confirm that the Coliscan agar is capable of supporting growth of this varied assemblage of microorganisms. To the best of our knowledge, our study . Each isolate's ERIC-PCR banding pattern, or genotype, is represented by an individual sphere. Spheres in close proximity to one another, or partially fused, represent isolates/genotypes with high degrees of similarity, while spheres at some distance from one another represent more dissimilar isolates. Note that in panels A and B sphere color schemes are used to represent streams from which the isolates were obtained, while in panels c and D each isolate is represented by a unique sphere color.
represents the first use of 16S rRNA sequencing data to identify large numbers of organisms cultured on this agar formulation; previous identifications have been derived from biochemical profiling. While our sampling regimen was not of sufficient size to allow us to make statistically valid conclusions about the temporal/seasonal distribution of the various genera and species observed, we do feel that the data support some general observations; for example, certain genera, such as Yersinia and Hafnia, are more likely to be cultured in water samples taken in the colder months, while other genera (E. coli, Pantoea, and Aeromonas) can be cultured year-round (refer to Supporting Document "Sequencing results") Whether this phenomenon is due simply to the reduced concentration of bacteria in coldweather samples, which allows "hardier" genera an improved opportunity to grow under laboratory conditions, is unclear and may require more intensive sampling over more defined times of the year.
The genus most frequently cultured from all three streams over the greatest number of months was Aeromonas, which (historically) is not considered a member of the coliform group (Leclerc et al. 2001 ). This bacterium is widespread in aquatic environments and its presence not unsurprising (Pettibone 1998 ). E. coli was the second most-prevalent species encountered, and again, its presence (particularly in the polluted urban stream GFGR)
was not unexpected. We observed potentially pathogenic species of bacteria from our forested watershed stream, POBR; these included 11 isolates of Yersinia enterocolitica, None of our sequences displayed .98% identity with the contaminants reported by Tanner et al. (1998) . We also selected a band present in one of our negative control reactions at sufficient intensity to provide enough template, to sequencing; its highest % similarity was with an uncultured bacterium not represented in our stream water bacterial assemblage.
Accordingly, we feel that the likelihood of our database containing false-positive entries is low.
Any approach that relies on a qualitative variable, particularly one with a degree of subjectivity such as colony color, to select samples for analysis is at some risk of skewing data collection. We took pains to select, as putative E. coli colonies, those with a dark blue/purple color and fast-growing (i.e. colony appearance after 12 hr incubation) nature, as recommended by the Coliscan instructions. Forty-five (25%) of 175 such colonies generated 16S rRNA sequence of non -E.
coli organisms. It is difficult, in the absence of comparative studies with other chromogenic agar formulations, to determine if this is an acceptable level of false-positive identification. We note that studies conducted using the Colilert w system, which relies on an enzymatic reaction in a fluid-based format to identify E. coli and coliforms, have reported false positive reactions when marine and freshwater samples were assayed (Pisciotta et al. 2002; Chao et al. 2004) . In our hands also, the Colilert method is capable of generating false-positives from stream water-derived bacteria. To be fair, vendors of the Coliscan and Colilert assays do not guarantee that their products are 100% sensitive and specific. Based on our observations, we might suggest that investigators using the Coliscan method to enumerate E. coli in samples use some degree of caution in interpreting their results, particularly in the warmer months of the year when coliform concentrations in water may be high.
In conclusion, we surveyed culturable bacteria from three streams in the metropolitan Baltimore, Maryland area over a one-year period, using 16S rRNA sequence to identify the organisms to the genus/species level. The 
